Introduction
During the past 3 decades, ion sensors have attracted many researchers and have probably become the most frequent routine application in the fields of environmental, agricultural and medicinal analysis. This is because they provide several advantages, such as speed and ease of preparation and procedures, simple instrumentation, relatively fast response, wide dynamic range, selectivity and low cost. Besides, they are ideally suitable for on-site monitoring.
Strontium has a variety of industrial and research uses. It has been used in certain optical materials, paints, plastic, bricks, tiles, and ferrite magnets; it produces the red flame color of pyrotechnic devices such as fireworks and signal flares. Strontium has also been used as an oxygen eliminator in electron tubes and to produce glass for color television tubes 1 and computer screens. Thus, the presence of strontium becomes important to be determined.
Past attempts [2] [3] [4] [5] [6] [7] [8] [9] to develop a selective membrane electrode for strontium have not been very successful. Most of these exhibited high response time, limited pH range or significant interference from other alkaline earth metals. These electrodes are based on neutral carrier [2] [3] [4] [5] [6] and ion exchangers. [7] [8] [9] Thus, there is a need to explore other materials like calixarenes, tweezers and dendrimers which may show high selectivity towards Sr 2+ . Recently, from this lab, calixarenes have been used to develop Sr 2+ selective sensors 10, 11 and in the present work we have extended our studies with modified calix [6] arene to develop a better sensor for Sr 2+ in terms of working range and selectivity.
Experimental
Reagents All reagents used in the investigations were of analytical reagent grade (BDH, UK). Doubly distilled water was used for preparing all aqueous solutions. Anion excluder, sodium tetra phenyl borate (NaTPB) from BDH (England), dioctyl phthalate (DOP) from Reidal, India, 1-chloro naphthalene (CN) from Merck (Germany), dibutyl adipate (DBA) from S.D. Fine Chem., India and o-nitrophenyl octyl ether (NPOE) from Acros Organics (Belgium) were used. 5,11,17,23,29,35-Hexakis-(1,1,3,3-tetramethylbutyl)-37,38,39,40,41,42-hexakis(carboxy methoxy)calix [6] arene (I) was synthesized by the method of Ohto et al. 12 
Apparatus
The potential measurements were carried out at 25 ± 0.1˚C on a digital pH meter/millivoltmeter (Toshniwal Inst. Mfg. Pvt. Ltd. Ajmer, India). The pH measurements were made on a digital pH meter (LabIndia pH Conmeter, India; glass electrodes as pH electrode and calomel as reference electrode).
Electrode preparation
The method reported by Craggs et al. was adopted for the preparation of membranes.
incorporating the active ingredient, anion excluder and plasticizer in different compositions in PVC matrix were fabricated (Table 1) . Varying amounts of the ion active phase (5, 11, 17, 23, 29 ,35-hexakis(1,1,3,3-tetramethylbutyl)-37,38,39,40,41,42-hexakis(carboxy methoxy)calix [6] arene (I)) and an appropriate amount of PVC were dissolved in a minimum amount of THF. The anion excluder NaTPB and solvent mediators, DBA, CN, DOP and NPOE, were also added to get membranes of different compositions. The solutions thus obtained, after complete dissolution of various components, were poured into acrylic rings placed on a smooth glass and allowed to evaporate at room temperature. After 24 h, transparent membranes of 0.5 mm thickness were obtained; these were then cut to size and attached to a Pyrex tube with the help of Araldite. The ratio of various membrane ingredients, time of contact and the concentration of equilibrating solution were optimized first so that the membranes would develop reproducible, stable and noiseless potentials.
Potential measurements
All the membranes were dipped in 0.5 M Sr 2+ solution for 3 days for proper equilibration. Potentials were measured by direct potentiometry at 25 ± 0.1˚C with the help of ceramic junction calomel electrodes; the cell set up was the same as reported earlier.
14 Saturated calomel electrodes (SCE) were used as reference electrodes.
Results and Discussion

Membrane characteristics and effect of plasticizers
The potential of the cells set up with the electrodes having membranes of different compositions were determined over the concentration 1.0 × 10 -6 to 1.0 × 10 -1 M of Sr 2+ solution. Table   1 . The sensitivity and selectivity of the membranes also depend on the properties of the plasticizers, as they influence the dielectric constant of the membrane phase, the mobility of the ionophore molecule and the state of ligand, 15 so various plasticizers, viz., dibutyl adipate (DBA), 1-chloro naphthalene (CN), dioctyl phthalate (DOP) and o-nitrophenyl octyl ether (NPOE) were added in varying amounts to the membrane and ion-selective characteristics were studied (Table 1, Fig. 1 ). It is also well known that the incorporation of some additional components 15 affects the perm-selectivity of the membrane sensor; therefore, sodium tetraphenyl borate (NaTPB) was also added to the membrane components for better response. A comparative study of the performance characteristics of all the electrodes shows that the membrane (No. 2) having composition 6:150:170:3 (I:PVC:DBA:NaTPB) exhibited a good working concentration range of 1.9 × 10 -5 to 1.0 × 10 -1 M with a slope of 30.0 mV per decade. Thus, the cells employing electrode No. 2 were selected for further studies.
Response and lifetime
The response time is the time required for the sensors to reach 95% steady potentials after successive immersion in a series of solutions, each having a 10-fold difference in concentration. The membrane without plasticizer showed a response time of 60 s. It was reduced by 20 -45 s when plasticizers were added. The best response time of 15 s were recorded for the membrane having DBA as plasticizer.
The lifetime of the electrodes was worked out by performing calibrations periodically with standard solutions and calculating the response and slope over the range 1.0 × 10 -6 to 1.0 × 10 -1 M Sr 2+ solution. It was found that the electrode worked well over a period of 4 months without showing any significant change in concentration range, slope or response time. During non-usage, it was stored in 0.1 M Sr 2+ solution to avoid drying, cracking and poisoning.
pH dependence and non-aqueous effect
In many instances, the hydrogen ion, which is one of the ions present in aqueous solution, interferes with the functioning of the electrode. Thus, it is necessary to find the optimum pH range where the electrode can work without interference from the hydrogen ions. The pH dependence of the membrane electrode has been tested by using 1.0 × 10 -3 M and 1.0 × 10 -4 M Sr 2+ solution over a pH range from 2.3 to 11.2 (Fig. 2) . The pH was adjusted by the addition of small drops of hydrochloric acid (0.1 M) or sodium hydroxide (0.1 M). Figure 2 shows that the potentials stay constant from pH 3.0 to pH 10 this pH, a drift in potential is observed, which is due to the formation of some hydroxy complexes of Sr 2+ at higher pH while at lower pH, a decrease in potential was observed, which is due to co-fluxing of hydrogen ions. Thus the working pH range of the proposed assembly may be taken as from 3.0 to 10.0.
Some analysis may be required in non-aqueous medium also. The functioning of the sensor was, therefore, investigated in partially non-aqueous medium using methanol-water and acetone-water mixtures (Table 2 ). It was found that the sensor assembly works well in non-aqueous media having a 20% (v/v) alcoholic content without showing any appreciable change in the working concentration range or slope. However, potentials show drift with time above 25%.
Potentiometric selectivity
Selectivity is an important characteristic which defines the nature of the device and the range over which it may be successfully employed.
It is measured in terms of potentiometric selectivity coefficient (K A,B Pot ), which can be evaluated by the Fixed Interference Method 16 (FIM), using the following expression (the Nicolsky-Eisenman equation under limiting conditions):
However, this equation is valid only if the charges on the primary ion aA and interfering ion aB are the same. 17 Therefore, Viteri and Diamond 18 have proposed a modification in the aA ----(aB) Z A /Z B Nicolsky equation (Eq. (1)) and neglected the power term from the equation for calculating the selectivity coefficients:
Here, aA is the activity of the primary ion and aB is the activity of the interfering ion and ZA and ZB are their respective charges. Further, if the charges are not the same or if the response to interfering ion is not Nernstian, then the Matched Potential Method (Eq. (3)) should be used. 19
Here, ∆aA is the increment in the activity of primary ion and ∆aB is the increment in activity of interfering ion which gives the same potential change as obtained by adding ∆aA.
In the present studies, K A,B Pot values for a range of common interferents were calculated using Fixed Interference Method (FIM) (Eq. (2)) as well as using Matched Potential Method (MPM) (Eq. (3)). These are presented in Table 3 . It can be seen that the electrode has good selectivity of Sr 2+ with respect to other cations except for NH4 + which registers very slight interference.
Some mixed run studies 20 were therefore, performed to find the NH4 + concentration level which can be tolerated (Fig. 3) . The plots in Fig. 3 
Analytical application
The proposed electrode has been found to be useful as an indicator electrode in titration procedures that involve Sr 2+ ions. A 15 mL solution of 1 × 10 -3 M Na2CO3 is titrated against a 1 × 10 -2 M Sr 2+ solution and the titration curve (Fig. 4 ) is plotted to obtain the end point. Figure 4 clearly indicates that the electrode can be successfully used to obtain the amount of carbonate ions in the solution. 
